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Abstract
Objective—The goals were to identify the blood pressures of extremely low gestational age
newborns that prompt intervention, to identify other infant characteristics associated with receipt of
therapies intended to increase blood pressure, and to assess the interinstitutional variability in the
use of these therapies.
Methods—The cohort included 1507 extremely low gestational age newborns born at 23 weeks to
 weeks of gestation, at 14 institutions, between March 2002 and August 2004; 1387 survived
the first postnatal week. Blood pressures were measured as clinically indicated. Interventions were
grouped as any treatment (ie, vasopressor and/or fluid boluses of >10 mL/kg) and vasopressor
treatment, and logistic regression analyses were performed.
Results—At each gestational age, the lowest mean arterial pressures in treated and untreated infants
tended to increase with advancing postnatal age. Infants who received any therapy tended to have
lower mean arterial pressures than infants who did not, but uniform thresholds for treatment were
not apparent. The proportion of infants receiving any treatment decreased with increasing gestational
age from 93% at 23 weeks to 73% at 27 weeks. Treatment nearly always began during the first 24
hours of life. Lower gestational age, lower birth weight, male gender, and higher Score for Neonatal
Acute Physiology–II values were associated with any treatment and vasopressor treatment.
Institutions varied greatly in their tendency to offer any treatment and vasopressor treatment. Neither
the lowest mean arterial pressure on the day of treatment nor other characteristics of the infants
accounted for center differences in treatment.
Conclusions—Blood pressure in extremely premature infants not treated for hypotension
increased directly with both increasing gestational age and postnatal age. The decision to provide
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treatment was associated more strongly with the center where care was provided than with infant
attributes.
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Hypotension is one of the most common diagnoses assigned to extremely low gestational age
newborns (ELGANs), and treatments to increase blood pressure are often used in this
population.1 These treatments are administered under the assumption that increasing blood
pressure increases tissue perfusion and that, below a threshold value, perfusion of vital organs
is compromised, resulting in cell dysfunction and tissue injury.2 Among extremely premature
infants, the range of blood pressures that maintain adequate perfusion and prevent injury is
unknown.3 Blood pressure depends on systemic blood flow, cardiac output, and systemic
vascular resistance, but most clinicians use blood pressure as a proxy for adequate tissue
perfusion.4–7 To date, the range of “normal” blood pressures has been derived from the
distribution of blood pressures in populations of infants who are not treated for hypotension.
With this approach, reference ranges have been developed for gestational age and birth weight
groups, forming the basis for recommendations for treatment of low blood pressure.8–16 In
addition, there is a dearth of studies of commonly used therapies for hypotension with clinically
relevant, long-term outcomes.17
The main problem with using a nontreated population approach to define infants who have
abnormal blood pressures is that the treatment of hypotension depends on decisions made by
clinicians without direct knowledge about the consequences of varying levels of blood
pressure, systemic vascular resistance, or cardiac output. An additional problem is that previous
studies designed to examine the incidence of hypotension enrolled relatively small numbers
of infants at the lowest gestational ages, in whom morbidities potentially associated with
hypotension are most likely to occur. In this study, we had 3 objectives: (1) to describe the
distribution of the lowest blood pressure measurements for a large cohort of ELGANs, using
the physician's decision to treat low blood pressure as an indicator of the clinician's concern
regarding the likelihood of impaired perfusion; (2) to compare the lowest blood pressures of
ELGANs who received treatment for low blood pressure with the lowest blood pressures of
their peers who did not receive such treatment; and (3) to evaluate institutional differences in
the use of treatments for low blood pressure.
Methods
All infants born between 23 weeks and  weeks of gestation, between March 2002 and
August 2004, at 1 of the 14 institutions were eligible for inclusion in the ELGAN Study, a
study designed to identify the antecedents of brain damage in preterm infants. Eighty-three
percent of eligible infants were enrolled. The enrollment rates according to center ranged from
67% to 93%. However, the consent processes were different at different sites. At some sites,
recruitment occurred when a mother was admitted with threatening preterm delivery. At other
sites, recruitment was not attempted until after delivery or admission to the intensive care
nursery. Institutional review boards at each institution approved the ELGAN Study, and written
informed consent was obtained before enrollment. All variables and outcomes were defined a
priori, and research personnel were trained before study start. Historical, demographic, and
clinical data were abstracted from maternal and infant clinical charts, and placentas were
examined for evidence of inflammation.
Data collected from the maternal charts included race, ethnicity, pregnancy complications,
multifetal pregnancy, and duration of gestation. Gestational age was determined on the basis
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of (in order of decreasing preference) fetal ultrasound scans obtained before 14 weeks (63%),
ultrasound scans obtained between 14 weeks and 18 weeks (17%), ultrasound scans obtained
after 18 weeks with a consonant maternal report of the beginning of the last menstrual cycle
(13%), and date of the last menstrual cycle only (7%). The presence of chorioamnionitis
(defined on the basis of polymorphonuclear leukocytes in the chorion or chorioamnion) and
funisitis (defined on the basis of polymorphonuclear leukocytes in the wall of a blood vessel
in the umbilical cord or the chorionic plate) was determined by a pathologist who first engaged
in training procedures to minimize inter-observer variability, was masked with respect to
maternal history, and used the predefined operational definitions.
Neonatal blood pressure measurements are reported for postnatal day 0 through day 6. Because
the first 24 hours of life represent a critical time period for ELGANs, day 0 began at the time
of birth and continued through 24 hours of age. Day 1 began at the end of the first 24 hours of
age and ended at midnight of that calendar day. For example, for an infant born at 1 PM on
January 1, day 0 of life would be the next 24 hours, until 1 PM on January 2. Day 1 of life would
start at 1 PM on January 2 and extend until midnight (11 hours). Therefore, day 1 varied in length
and was always the “short day.” Days 2 through 6 began and ended at midnight. Mean blood
pressure was measured either directly from an intraarterial catheter or from an automated blood
pressure cuff. We did not record which oscillometric devices were used.
To identify blood pressures that prompted intervention, we compared the box plots of the lowest
blood pressures on each day for infants who received any treatment for hypotension, including
vasopressors (eg, dopamine, dobutamine, and epinephrine) or saline solution at >10 mL/kg per
day, and infants who did not receive treatment.18 Saline therapy was recorded as a total amount
received per day and included normal saline solution and Ringer's lactate solution; to avoid
the cumulative amount of saline flushes, we considered a total amount of >10 mL/kg per day
to be therapy for hypotension. Comparisons were made in 4 gestational age strata (ie, 23–24,
25, 26, and 27 weeks). Recognizing the possibility that some infants might have received saline
therapy of >10 mL/kg per day because of abnormalities in skin perfusion, low urine output, or
other indications that might or might not have been related directly to low blood pressure, we
examined infants who received vasopressor treatment in analyses of risk factors for treatment
and center variation. We did not include the administration of blood products as a treatment
for hypotension because we could not distinguish this use from the treatment of a hematologic
disorder (eg, red blood cell transfusion for the treatment of anemia). We did not include
corticosteroids as a treatment for hypotension because all patients who received corticosteroids
also received vasopressors, except for 10 patients. Those patients were treated at centers where
randomized, controlled trials of corticosteroids were being conducted; the 10 patients were
excluded because we had no way of knowing whether the patients received corticosteroids or
placebo.
We examined candidate risk factors for any treatment and vasopressor treatment, including
gender, gestational age, birth weight z score, maternal race, receipt of prenatal steroid treatment,
chorioamnionitis, funisitis, pregnancy complications, multifetal pregnancy, Apgar score, and
Score for Neonatal Acute Physiology–II (SNAP-II) score.19 Birth weight z score is the number
of SDs (and direction) of the infant's birth weight from an assumed mean for gestational age.
20 We considered these potential confounders when examining how centers differed in the use
of any treatment and vasopressor treatment during the first 7 postnatal days.
We evaluated the associations between subject characteristics and nontreatment or treatment
with saline boluses and/or vasopressor or between nontreatment and treatment with just
vasopressor by using Fisher's exact test. Characteristics that distinguished the groups with a
P value of ≤.3021 were included in logistic regression analyses that assessed the tendency of
each of the 14 sites to treat at any time during the first 7 postnatal days.
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A total of 1507 infants were enrolled in the ELGAN Study; 1387 infants survived the first
postnatal week and contributed data to this analysis. There were 119 total deaths. Of the 76
infants who died in the first 48 hours of life, we were unable to collect information for 46
(61%). Of the 43 infants who died between 48 hours and day 6 of life, we were unable to collect
information for 18 (42%). In addition, some centers collected data on all infants delivered
between 23 and 27 weeks, whereas others collected data only on infants admitted to the
intensive care nursery. Moreover, because we were examining factors that might be related to
treatment during the first postnatal week, each infant needed to be eligible for treatment during
the entire week. Therefore, we elected not to include infants who died during the first week in
this analysis. A description of the study population revealed that 45% of the patients were born
between 23 and 25 weeks of gestation and 55% were born between 26 and 27 weeks of gestation
(Table 1). Approximately 20% of the birth weight z scores were >1 SD below the external
mean.20 More than 30% of the infants were the products of multifetal pregnancies. Almost
90% were exposed to ≥1 prenatal steroid dose. Nearly 50% of placentas had evidence of
chorioamnionitis, and 42% had funisitis.
Among infants treated for hypotension during the first postnatal week, treatment began in the
first 24 hours of life for 90%, 89%, 91%, and 89% of infants born at 23 to 24 weeks, 25 weeks,
26 weeks, and 27 weeks of gestation, respectively. Among all infants, the proportion of infants
who received treatment on subsequent days during the first week of life declined in all
gestational age groups, but the likelihood of treatment was always higher for the least-mature
infants (Table 2). On day 6 of life, 69% of infants at 23 to 24 weeks of gestation received
treatment, compared with 26% at 27 weeks.
Among infants who survived the first postnatal week, treated infants tended to have lower
blood pressures on each day (Fig 1). This difference was present on the first day of life,
reflecting differences before initiation of treatment. This difference persisted throughout the
first postnatal week, reflecting blood pressure values during treatment and after cessation of
treatment. Although the differences in median values were not large, the treated infants tended
to exhibit longer plot whiskers (defined in the legend to Fig 1), compared with the untreated
infants. This indicates greater variability of the blood pressures in the lowest quartile. With
infants not treated for hypotension as a reference group, infants who received treatment were
more likely to be less mature, to have a lower birth weight z score, to have a higher SNAP-II
score (all P≤.0005), and to be male (any treatment, P = .03; drug treatment, P = .007) (Table
1).
The centers differed considerably in the proportions of infants treated (Table 3). For example,
at the center that treated the smallest proportions of infants, 29% received any treatment and
6% received drug treatment. In the center providing treatment to the greatest proportions of
infants, 98% received any treatment and 64% received vasopressor treatment. With the center
treating the smallest proportions as the reference group, we used logistic regression analyses
to evaluate each center's tendency to treat. Adjustment for maternal and neonatal risk factors
showed little effect on the predicted proportions of infants treated for hypotension. The lowest
mean arterial pressure (MAP) on the day of treatment varied widely but did not correlate with
the likelihood of treatment according to center; centers with lower MAP values on the first day
of treatment did not have more infants treated, and centers with higher MAP values on the first
day of treatment did not have fewer infants treated.
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In a large cohort of ELGANs, we describe the distributions of the lowest blood pressures in
the first week of life among the relatively small proportion of infants who did not receive
treatment for hypotension and separately among infants who received any treatment. As
reported previously, the lowest blood pressure increased with both increasing gestational age
and postnatal age.8–16,22 More than 80% of infants received some form of treatment for
hypotension. Lower gestational age, lower birth weight, male gender, and higher scores of
illness severity (ie, SNAP-II scores) were associated with treatment. After adjustment for these
factors, no other clinical factors influenced the likelihood of being treated. Specifically,
chorioamnionitis, funisitis, and placental abruption did not increase the likelihood of treatment.
This finding is similar to that of Yanowitz et al,23 who demonstrated that blood pressure in
the first week of life was lower among very low birth weight infants with fetal vessel
inflammation only when the gestational age was >29 weeks. These results are also in general
agreement with other reports, with the exception that we did not identify pregnancy-induced
hypertension as a factor associated with higher blood pressure.12 It is possible that the current
study permitted a more-precise examination of the influence of other confounders, compared
with the study by Hegyi et al.12 For that study, the primary inclusion criterion was based on
birth weight, so that factors associated with fetal growth restriction (such as pregnancy-induced
hypertension) would be expected to be associated with greater gestational age. In contrast, our
study cohort included infants according to gestational age instead of birth weight, minimizing
the potential bias of the birth weight-defined cohort, namely, including a greater proportion of
more-mature, growth-restricted infants. This difference in study design might have contributed
to the observed variation in results among these studies.24
Hypotension in the first postnatal week is a phenomenon that is identified and treated early,
predominantly during the first 24 hours. The percentage of infants receiving treatment
according to day of life is inversely proportional to gestational age, which suggests that a
pathologic state is more likely to persist in the least-mature infants. A unique finding in this
study is that blood pressures among treated infants remained lower than those among
nontreated infants both during and after completion of treatment. There are several possible
explanations for this observation. The goal of clinicians might be not to achieve MAPs
comparable to those of untreated infants but to improve perfusion, urinary output, or some
other clinical indication of adequate blood pressure for a particular infant. Therapies to increase
blood pressure might be less effective than desired in this population, or the clinicians' target
blood pressures might be the lowest values deemed acceptable at a given gestational age. For
example, in some nurseries, the target MAP might be 24 mm Hg for a 24-week infant. We
would not expect the treated infants to have similar blood pressures unless clinicians targeted
the mean seen among untreated infants.
As reported previously, we observed a marked difference among centers in the tendency to use
treatments for hypotension.22 This variability is explained neither by variation in infant
attributes nor by center differences in blood pressure distributions. Other possible explanations
for intercenter variation include differences in care practices that can influence blood pressure
secondarily, such as use of positive airway pressure, variations in the perception of when
therapy is needed, and variations in the perception of the efficacy of blood pressure therapy.
This finding of such large intercenter variation in treatment demonstrates that previous studies
of untreated infants whose data were used to determine “normal” blood pressures might reflect
physicians' preferences rather than wellness.
The ranges of blood pressures observed in infants who were not treated for hypotension seemed
to convey information about treatment practices and infant attributes, such as gestational and
postnatal age, but do not necessarily identify a range of blood pressures over which treatment
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is not beneficial. The small differences in blood pressure between treated and untreated infants
raise the possibility of misclassification. For example, infants who had normal tissue perfusion
might have been treated. Recent data suggest that infants autoregulate blood flow to vital organs
to a greater extent than previously assumed25; therefore, blood pressure alone may be a poor
predictor of need for treatment. Similarly, some infants whose blood pressures were considered
normal and were not treated might have suffered from insufficient end-organ perfusion.
There are several potential limitations to this study. We report blood pressures recorded in the
bedside chart, and we cannot be certain that these reflect accurately the true variability of
pressures. Furthermore, some blood pressures were measured with central or peripheral arterial
line transducers, whereas others were obtained from cuff blood pressure measurements. We
included among blood pressure therapies most (drugs and saline fluid boluses) but not all
potential forms of blood pressure treatment. For example, we did not consider transfusion of
blood products as a blood pressure treatment. In addition, we report only MAP values because
recording of systolic and diastolic blood pressure values was not a component of the ELGAN
Study. Because of the design of the data collection of the ELGAN study, we could not
distinguish between dopamine, dobutamine, and epinephrine as part of vasopressor therapy.
Conclusions
Our results support previously reported relationships between gestational age, advancing
postnatal age, and blood pressure. In addition, we identified associations between lower blood
pressure and both male gender and illness severity. Although most infants at the earliest
gestational ages received some treatment, there was marked variability among centers. Our
observation that this variation was not explained by differences in infant attributes or
distribution of MAPs at the different centers indicates a lack of uniformity with respect to the
definition of hypotension requiring treatment. These findings call into question the validity of
the definitions of both normotension and hypotension derived from most previous studies,
because both definitions hinge on whether the infant received treatment to increase blood
pressure. Current treatments for hypotension do not seem to produce uniformly blood pressures
that are comparable to those observed in an untreated population.
Wanting Babies Like Themselves, Some Parents Choose Genetic Defects
“Wanting to have children who follow in one's footsteps is an understandable desire.
But a coming article in the journal Fertility and Sterility offers a fascinating glimpse
into how far some parents may go to ensure that their children stay in their world—
by intentionally choosing malfunctioning genes that produce disabilities like deafness
or dwarfism. The article reviews the use of pre-implantation genetic diagnosis, or
PGD, a process in which embryos are created in a test tube and their DNA is analyzed
before being transferred to a woman's uterus. In this manner, embryos destined to
have, for example, cystic fibrosis or Huntington's disease can be excluded, and only
healthy embryos implanted. Yet Susannah A. Baruch and colleagues at the Genetics
and Public Policy Center at Johns Hopkins University recently surveyed 190
American PGD clinics, and found that 3 percent reported having intentionally used
PGD ‘to select an embryo for the presence of a disability.’ In other words, some
parents had the painful and expensive fertility procedure for the express purpose of
having children with a defective gene. It turns out that some mothers and fathers don't
view certain genetic conditions as disabilities but as a way to enter into a rich, shared
culture.”
Sanghavi DM. New York Times. December 5, 2006
Noted by Roger Soll, MD
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Lowest MAP values on postnatal days 0 to 6 for infants who survived the first postnatal week,
according to gestational age. Dark shaded boxes indicate data for infants who received any
treatment for low blood pressure at any time during the first week of life; light shaded boxes
indicate data for infants not treated for low blood pressure. Each box represents the 25th to
75th percentiles, the center line represents the median, and the whiskers mark the real data
point that is closest to 1.5 times the interquartile range. The dots indicate outliers. A, Infants
born at 23 and 24 weeks (n = 331); B, infants born at 25 weeks (n = 289); C, infants born at
26 weeks (n = 338); D, infants born at 27 weeks (n = 429).
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TABLE 3
Center Variation in Treatments for Hypotension




OR (95% CI) Adjusted OR
(95% CI)
Any treatmentb
 A 29 28 1 1c
 B 46 27 2 (1–4) 3 (1–6)
 C 61 20 4 (2–7) 5 (2–10)
 D 69 24 5 (3–9) 9 (5–18)
 E 80 25 9 (5–20) 33 (14–80)
 F 85 24 13 (6–27) 25 (11–56)
 G 91 23 24 (11–50) 44 (19–102)
 H 92 23 26 (13–52) 54 (25–118)
 I 93 23 32 (7–145) 84 (17–404)
 J 93 25 34 (15–78) 80 (32–203)
 K 94 22 37 (16–82) 58 (24–140)
 L 94 23 39 (14–106) 92 (31–275)
 M 96 26 65 (19–225) 105 (29–385)
 N 98 23 116 (27–504) 299 (65–1383)
Vasopressor treatmentd
 A 6 19 1 1c
 N 12 20 2 (1–6) 3 (1–9)
 F 15 21 3 (1–7) 3 (1–10)
 M 18 25 3 (1–9) 4 (2–12)
 D 20 22 4 (1–10) 5 (2–14)
 B 27 37 6 (2–15) 8 (3–22)
 H 32 21 7 (3–17) 12 (5–30)
 K 38 21 9 (4–22) 11 (4–27)
 C 44 19 12 (4–30) 19 (7–52)
 J 46 23 13 (5–31) 25 (10–65)
 I 48 25 14 (5–42) 34 (11–107)
 E 52 24 16 (6–42) 48 (17–132)
 G 60 23 22 (9–54) 35 (14–91)
 L 64 24 26 (10–67) 61 (23–165)
Center A had the lowest rate of treatment and was used as the reference. OR indicates odds ratio; CI, confidence interval.
a
Values are median of the lowest MAP value on the first day of treatment.
b
Any treatment represents administration of vasopressor and/or normal saline solution bolus of >10 mL/kg.
c
Adjusted for gestational age, birth weight z score, gender, Hispanic ethnicity, fetal number, and SNAP-II score.
d
Vasopressor treatment represents dopamine, dobutamine, and/or epinephrine treatment.
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e
Adjusted for gestational age, birth weight z score, gender, fetal number, and SNAP-II score.
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